Abstract. This paper studied the effects of high voltage electrostatic field on the seawater under the condition of constant temperature of 70 o C and the initial temperatures of 70 o C with no constantly heating, and in compared with the control group with no high voltage electrostatic field .Besides, this paper explored the effect of high-voltage electrostatic field on the water boiling point. The experimental results showed that water evaporation rate in the presence of high voltage electrostatic field was significantly faster than the control group, and the seawater evaporation rate under the condition of constant temperature of 70 o C was 1.5 to 2.1 times faster than that of the control group; In initial temperature of 70 o C, the average water evaporation rate is faster than the control group with no constant temperature heating, and experimental temperature-dropping rate was significantly faster than the control group, meanwhile the experimental group high pressure loop current was about 200uA.It was also found that as the high voltage electrostatic field strength increased the water boiling point was reduced gradually trend. The verification by the experimental results shows the mechanism that the water molecules which is polar molecules is so easy to form the electric dipole moment in high voltage electrostatic field that the hydrogen bonding between water molecules break easily, and the water vapor evaporates more quickly from the seawater. It also proved that the energy to break hydrogen bond was provided by the water inner system but not the transformation of the electric field.
Introduction
In recent years, many domestic and foreign scholars have found that high voltage electrostatic field has a role in promoting the water evaporation, and it has been widely applicated in all walks of life. Asakawa Yoshikawa (Yasakawa) [1] put the electrostatic field on the distilled water to explore and found that high-voltage electrostatic field can promote the effect of distilled water evaporation in 1976, which has been also widely known as the "Asakawa effect". N. N. Barthakur [2] found that the different concentrations of NaCl solution evaporation rate was 3.5-3.9 times under the high-voltage electrostatic field than that of the control solution, and that the reason for the accelerated evaporation rate and crystallization rate was the high-voltage generated ion wind. HR Carlon and J. Latham [3] used two copper electrodes(the applied electric field for the AC electric field, the voltage: 0-14kv) to carry on the wet filter paper drying experiments (room temperature 25 o C, humidity 50%), which found that the drying rate with the electric field strength increased. Li Lite, Li Fade [4] used the needle electrode electric field to carry on distilled water evaporation experiments at different electrode distance and voltage (room temperature 30 o C). The experimental results show that the evaporation rate of the distilled water with applying high voltage electric field was 1.4times than that of the control group. The above experimental studies have shown that the high-voltage electrostatic field of distilled water has a significant role in promoting evaporation, yet the sea water is different from the distilled water, sea water components are more complex, and many ions or groups with water molecules constitute a complex structure, and the charged particles in the sea water under the action of the electric field will also change. There has been not yet unified conclusion for the high-voltage electrostatic field to promote the mechanism of water evaporation from home to abroad at present, which is still in the reasoning assumptions and conjecture stage with different opinions and divergent views. The purpose of this paper is to study the effect of high voltage electrostatic field on the evaporation of seawater and to analyze the mechanism of high voltage electrostatic field on promoting water evaporation from the point of view of energy. Furthermore, this paper also explored the effect of high voltage electrostatic field on the boiling point of seawater. Hope that the high voltage electrostatic field could be applied to the field of desalination.
Experimental Apparatus and Methods
Experimental Material: Seawater (Sea Water Salinity: 35 ‰) 1-insulation support, 2-millimeter scale, 3-glass evaporation container, 4-copper needle electrode, 5-high voltage dc power supply cathode outputs, 6-copper electrode, 7-the positive output high voltage DC power supply, 8-civil air defense network,9-hob,10-polyurethane insulation board, 11-sensitive digital electronic scale, 12-digital display temperature preheating, 13-alumina ceramic plate； The electrodes of the experimental device are needle plate electrode. Besides the single needle electrode is connected with negative pole of high voltage power supply and the plate electrode is connected with positive pole of high voltage power supply. The copper electrode connected with earth is at the bottom of beaker. The electrode distance between the single needle electrode and the copper electrode was 6cm and the water depth was 4cm. The high-voltage electrostatic field generated by the high-voltage power supply and high-voltage silicon stack. The high-voltage AC power (0-50Kv) produced by the high-voltage was transferred into a high-voltage direct current by high-voltage silicon half-wave rectifier. The output voltage was detected by high-voltage voltmeter, the electrode discharge current was detected by micro ammeter. The high voltage (0-50Kv) generated by the high-voltage power transferred to the needle electrode via the wire, and the distance between the needle electrode and the electrode plate is adjusted by the bracket adjusting rod. The temperature of the seawater is controlled by the microcomputer constant temperature heating station. The Non-contact infrared thermometer is adopted for measuring the temperature recording. The use of sensitive electronic scales on-line is for weighing water evaporation so as to determine the evaporation rate of sea water.
Experimental Setup

Experimental Methods
Experimental Method for the Influence of Seawater Evaporation under the High Voltage Electrostatic Field. The distance from the end of the needle electrode to the copper plate electrode was set to 60 mm, the depth of the water level submerged copper sheet was 30mm, and the voltage was set to5kv.Prior to the experiment, the preheating temperature of the preheating stage was adjusted to 70 A preheated 70 o C seawater evaporator was placed on a closed thermostatic preheating station (the preheating table was at the same temperature as the room temperature) and the temperature of the seawater was measured over time using a non-contact infrared thermometer at intervals of 30s.
Record the electric current change in the high voltage circuit during this process so as to compare the temperature dropping rat and the energy consumption whether it was under the high voltage electrostatic field. The mechanism of the internal influence of the evaporation of the sea water was discussed from the perspective of energy transfer in the evaporation process.
The Experimental Method about the Effect of High Voltage Electrostatic Field on Boiling Point of Sea Water. Set the distance from the end of the needle electrode to the electrode of the copper plate to 60mm and the depth of the water level submerged copper plate to 30mm. Simultaneously adjust the temperature of the constant temperature preheating station to 150 o C, and place the room temperature seawater evaporator on the constant temperature preheating stage before the experiment. Then put the evaporation experimental apparatus under high voltage electrostatic field to explore the relationship between the high voltage electrostatic field voltage and sea water boiling point under the conditions of different voltage gradient (0kv, 5kv, 7.5kv, 10kv, 12.5kv, 15kv, 17.5Kv, 20kv). Put the distance from the end of the needle electrode to the copper plate electrode to d=60mm and the water level submerged copper depth to30mm, and set up high-voltage power supply output voltage to 5kv before the experiment. When the water temperature was maintained at a constant temperature of 70°C and the initial water temperature is 70°C (without constant temperature heating), and the variation of the evaporation of seawater with time is shown in Figure 2 .
Experimental Results and Analysis
The Effect of High Voltage Electrostatic Field on Seawater Evaporation
It can be seen from Figure 2 that the evaporation rate of seawater under the high voltage electrostatic field (5kv voltage) is faster than that of the seawater with no voltage, and the evaporation rate (T=70℃,V=5kv) is 1.5 times. The evaporation rate of seawater with high voltage electrostatic field is faster than that of control at the beginning of evaporation (1-10min) , and at the later stage of evaporation became slower than the control group (15-20min), but the total seawater evaporation was more than that of the control. When the initial water temperature of seawater is 70 o C without constant temperature heating and other conditions are kept constant (10-20min) was slower than that of the control, and the total seawater evaporation was more than that of the control. When the experimental seawater initial water temperature was 70℃ (without constant temperature heating) high-voltage power supply output voltage was 5kv, the seawater evaporation process of water temperature with time was shown in Figure 3 .
It is shown from Figure 3 that the seawater temperature dropping rat at the initial water temperature of 70℃ without constant temperature heating and the voltage of the high voltage power supply is 5kv was slower than that of the control group. And the temperature of seawater was not linear with time but from fast to slow. In other words, the higher the temperature, the temperature decreases faster.
From the experimental results in Figure 2 and Figure 3 , it is concluded that the high voltage electrostatic field had the effect of promoting the evaporation of seawater, and it is found that the temperature of the seawater drops faster under the high voltage electrostatic field. Moreover the ammeter test data showed that the loop current was only 200uA approximately, and the loop power consumption was merely 1w. Therefore, the high-voltage electrostatic field to promote the evaporation of sea water was the macro reason to accelerate the transformation of the internal energy of the sea water system and transmission.
Many scholars believe that the internal mechanism of high-voltage electrostatic field to promote water evaporation is due to the water molecules being polar molecules called "V" type structure. The water molecules are easily to form electric dipole moment in the high-voltage electrostatic field. Water molecules between the hydrogen bond will be broken in the role of electric dipole moment. Thereby the water molecules become more activity and more volatile. The above experimental results can show that the main energy source of the hydrogen bond breakage between water molecules in high voltage electrostatic field is the internal energy of the consumed system but not the electric field energy. From the molecular point of view, the effect of the electric field is that the large water molecule clusters or water molecules are cracking small molecules so that water molecules become more easily volatile. From the energy point of view, the role of the electric field is to promote the water energy transferring rate at the time of water phase transition occurs. Adjusted the electrode spacing to 50mm and water depth to 20mm before the experiment, and the distance from the needle electrode to the surface was set up to 30mm.The voltage gradient was set to 0kv, 5kv, 7.5kv, 10kv, 12.5kv, 15kv, 17.5kv, 20kv. The preheating temperature of the preheating station was first preheated to 150 o C (continuous on), then the seawater at room temperature was placed on the preheating station for heating. The high voltage electrostatic field was applied until the seawater reached the boiling point. Simultaneously using the non-infrared thermometer recorded the boiling point temperature. Table 2 recorded the boiling current value and boiling point of the circuit temperature corresponding to the different voltage. The line chart of Figure 4 describes the relationship between the experimental seawater boiling point and voltage.
Effect of Electrostatic Field Size on Boiling Point of Seawater
It is easily known from the Table 2 data and Figure 4 that the experimental seawater boiling temperature shows a decreasing trend and the loop current increase with the DC power supply voltage increasing. As the thermodynamic calculation shows that the theoretical boiling point about the seawater salinity of 35‰ is 100.56 o C.The experimental data in Table 2 shows that the physical properties of sea in Table 2 shows that the physical properties of sea water change under the high voltage electrostatic field, scilicet the boiling point of sea water reduced, which also can confirm the domestic and foreign scholars' speculation from the macro-phenomenon hat high-voltage electrostatic field can destroy the internal structure of water clusters. It is the hydrogen bonds formed between water molecules and water molecules or the interaction between water molecules. The hydrogen bonds network of water molecules is destroyed at high voltage electrostatic field. The higher the water molecule activity is, the more unstable the system is. Therefore the boiling point temperature naturally decreases. The field strength of the electrostatic field increases with the increase of the voltage, and the damaging degree of the hydrogen bond network get higher lead to the boiling point getting lower and lower. At the same time as the field strength increases, the loop monitoring current rises faster when the voltage in the experiment rises to 17.5kv or more. With the temperature increases, the needle electrode around the water vapor density increased significantly. High voltage is easy to breakdown the higher humidity of the air layer.
Experimental Results
(1)It is found that the high-voltage electrostatic field promoted the evaporation of seawater at a constant temperature of 70°C, which was 1.4-2.1 times higher than the control group. When the initial temperature is 70°C, the seawater temperature dropping rate is faster than that of the control without constant temperature heating and high voltage electrostatic field. Moreover the evaporation rate of seawater is faster than that of the control at the beginning of evaporation and slower than that of the control at the later stage of evaporation. It is also indicated that the high voltage electrostatic field promotes the evaporation of seawater because the energy conversion is accelerated and the evaporation efficiency is improved.
(2)In the experiment of exploring the effect of high voltage electrostatic field on the boiling point of seawater, it is found that the boiling point of seawater decrease under the high voltage electrostatic field, and the boiling point of seawater decreased with the field strength increasing. And it is also proved from the macroscopic phenomena that the high voltage electrostatic field has a destructive effect on the hydrogen bonds between the water molecules, which lead to the physical characteristics of sea water (boiling point) dropping down.
Application Prospect
At present, two major domestic and foreign desalination technology are distillation (thermal) and membrane, and the mainly thermal desalination is MSF and MED method. Restricting the development of desalination is mainly due to the high cost of desalination of water, in addition the cost control is largely due to the high energy consumption and the lower water production efficiency. On the other hand, the existence advantage of high-voltage electrostatic equipment such as simple structure, lower cost, easily operation, which is suitable for large scale thermal desalination technology application. The high voltage electrostatic field can promote the evaporation of seawater and consume almost no electricity. It can improve the evaporation rate of seawater to a large extent and indirectly save the energy consumption and desalination cost.
In this paper, the effect of high-voltage electrostatic field on the evaporation of seawater is explored and the influence of high voltage electrostatic field on the boiling point of sea water is found. It is necessary to study the numerical relationship between evaporation and voltage, water temperature, electrode distance, air humidity and so on. These numerical relationships can be used as the control parameters of the application of seawater desalination technology in high voltage electrostatic field.
